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Abstract: Isomerisation kinetics of the 9c11t and 10t12c Conjugated Linoleic Acids (CLA) in triaclglycerols at isother-
mal conditions (250, 280 and 325
o
C) has been studied by infrared spectroscopy. Fifteen micro liter portions of the glyc-
erides were placed in micro glass ampoules and sealed under nitrogen. Several glass tubes containing the same triacyl-
glycerols were then subjected to thermal treatment. The glass tubes were removed at regular time intervals, cut open, and 
a part of the contents in each glass tube analysed by infrared spectroscopy using a single reflectance attenuated total inter-
nal reflectance crystal accessory. Then the rest of the products in each of the glass tubes were analysed by gas chromatog-
raphy after derivatisation.  
The gas chromatographic results show that the 9t11c and 10t12c CLA isomers undergo a quick [1,5] sigmatropic trans-
formations and form 8c10t and 11c13t respectively. These then form more stable 8t10t, 9t11t and 10t12t, 11t13t isomers 
respectively.  
Formation of the other CLA isomers is in relatively small quantities for shorter thermal induction times. The chroma-
tographic profiles also show that the thermal induction reaction can be considered as a reaction starting from the pair of 
isomers formed through the [1.5] sigmatropic rearrangements.  
The intensity of one of the characteristic absorptions at 944 cm
-1
 arising from the out-of-plane =C-H deformation in the 
CLAs was used as the quantitative measure of the remaining triaclglycerol in the heated samples. The activation energies 
determined for the isomerisation reactions are 25.50±0.30 and 25.25±0.70 kcal/mol for the triacylglycerols containing 
9c11t (8t10c) and 10t12c (11c13t) fatty acid isomers respectively.  
Keywords: Conjugated Linoleic Acids, infrared spectroscopy, isomerisation, reaction kinetics, activation energy.  
INTRODUCTION 
 Conjugated Linoleic Acids (CLA) are natural compo-
nents found in animal products, such as meat and dairy 
products derived from ruminant animals. Conjugated Lino-
leic Acids have gained considerable attention in recent times 
because of their health benefits [1-4]. This interest followed 
by an explosion of research reports on the benefits of CLAs 
in the areas of cancer, heart disease, diabetes and many other 
areas [5-9]. The results in these reports are based on the stud-
ies on animals and the beneficial effects on humans are yet 
to be proven. 
 The conjugated isomers in milk and fats are generally 
found in trans/cis, cis/trans and trans/trans forms. There are 
several conjugated linoleic acids present in milk and fat from 
the cud-chewing animals. Out of these 9c11t and 7t9c are 
dominant with 9c11t comprising about 80-90% of all the 
conjugated linoleic acids. The isomer 9c11t is also thought to 
be the most biologically active [1, 2]. These isomers can also 
be found in hydrogenated vegetable oils [10]. The isomers  
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9c11t and 10t12c formed in almost equal proportion in the 
alkali isomerised methyl linoleate [11]. The concentrations 
of the other isomers are negligible [11].  
 There are several reports in the literature regarding  
synthesis and mechanistic aspects of CLAs. Destaillats and 
Angers [12] prepared 8t10c and 11c13t CLA isomers by heat 
treatment of 9c11t and 10t12c CLAs. They demonstrated in 
one of their reports that most of the CLA isomers could be 
produced from a mixture of 9c11t and 10t12 CLA methyl 
esters [13]. The chemistry and mechanistic pathways in-
volved in the formation of CLAs were also discussed in the 
above research reports. Christy [14] has also contributed to 
supplement the mechanistic aspects by demonstrating that 
CLA isomers could be produced by thermal induction of 
9t12t LA. In a recent report Christy [15] demonstrated that 
the [1,5] sigmatropic transformations and positional isomeri-
sation could be achieved by subjecting triacylglycerols of 
CLAs to a suitable high temperature. All these reports paved 
the way for the formulation of a sequential series of CLA 
isomers illustrating the type of CLA isomers expected to 
form when thermally treating a particular CLA [13, 15]. It is 
now clear that the formation of CLAs follows a series of [1, 
5] sigmatropic transformation and positional isomerisation 
during thermal induction. The report clearly shows that the 
CLAs expected to form in the thermal induction of 9c11t and 
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10t12c can be represented by a partial series of the sequence 
(Fig. 1) presented in the report above. This sequence can be 
further shortened (Fig. 2) to represent the thermal induction 
of the respective isomers used in this study. This selection 
was based on the Gas chromatographic analysis of the ther-
mally induced 9c11t (and 10t12c) containing triacylglycerols 
at 250
o
C for four hours (Fig. 3). When the induction time is 
shorter, the concentrations of the CLA isomers other than the 
isomers shown in Fig. (2) are small.  
 Infrared spectrometry, a valuable analytical tool has been 
applied both in qualitative and quantitative analysis [16]. It 
has also been applied to study chemical reactions and reac-
tion kinetics [17]. In several cases, it has been the analytical 
tool of preference because of the specific absorptions of the 
species in the chemical reactions [18].  
 Conjugated linoleic acids 9c11t, 10t12c and all the other 
cis, trans and trans, cis CLAs give rise to two specific ab-
sorptions at 946 and 982 cm
-1
. These absorptions arise due to 
the =CH out of plane deformation vibration [19]. The CH 
out of plane deformation vibration of the tt (trans, trans) 
isomers absorb around 986 cm
-1
 and, cis. cis isomers do not 
absorb in this region. Furthermore, the =CH deformation 
vibrations of the methylene interrupted cis-trans, trans-cis 
and trans-trans linoleic acid isomers absorb around 969 cm
-1
 
[20-23] which falls in between the two characteristic absorp-
tions of the conjugated linoleic acids. This fact has been util-
ised in the simultaneous quantitative determination of iso-
lated trans, and conjugated linoleic acids in oils and fats 
[24]. All the cis-trans and trans-cis isomers give rise to an 
absorption around 946 cm
-1
 that is not perturbed by other 
isomers.  
 There are no reports in the literature dealing with the 
thermally induced isomerisation kinetics of the 9c11t and 
10t12c CLAs in triacylglycerols. The intention in this work 
is to investigate the above mentioned isomerisation and de-
termine the kinetic parameters using infrared spectroscopy. 
The fact that only mono trans conjugated linoleic acids ab-
sorb at 944 cm
-1 
would allow us to follow the concentration 
of CLA during the isomerisation. A single reflection ATR 
technique was used in measuring the infrared spectra of the 
samples. The infrared profiles of the CLAs during isomerisa-
tion were used in the determination of isomerisation rates as 
well as the activation energies. 
EXPERIMENTAL 
Samples and Methods 
 The triacylglycerols containing the 9c11t and 10t12c 
(over 94%) and acid standards of the 9t11c and 9t11t fatty 
 
 
 
Fig. (1). Isomerisation sequence showing the isomers that are expected to form during thermal induction of triacylglycerols containing 9c11t 
and 10t12c CLAs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2). Sinplified sequence of isomerisation from the products formed after [1,5] sigmatropic transformation of 9c11t and 10t12c CLAs. 
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acids were purchased from Larodan Chemicals, Sweden. 
Triacylglycerol standards of the methyl interrupted 9c12c 
and 9t12t fatty acids were purchased from Aldrich.  
 The isomerisation kinetics of the two isomers was stud-
ied at 250, 280 and 325 
o
C. The heating experiments were 
carried out in micro glass ampoules. Several glass ampoules 
of length 4 cm were made from glass tubes of 1.5 mm inter-
nal diameter and a wall thickness of 1 mm. Heating in micro 
size glass ampoules is an advantage experimentally [25]. The 
glass tubes attain the temperature of reaction within a short 
time and cools very fast when the tubes are removed from 
the oven. The experiments were started with the thermal 
treatment of the triacylglycerol containing the 9c11t isomer. 
15 μl portions of the triacylglyceerols were injected in the 
tubes using a plastic syringe. Air in the remaining part of the 
glass tubes was flushed by a weak flow of nitrogen and the 
ends were sealed using an oxy-propane flame. The glass 
tubes were placed in a chromatographic oven set at 250
o
C. 
The glass tubes were removed at regular time intervals and 
the infrared spectra of the cooled samples were measured.  
Infrared Spectroscopic Measurements 
 A Perkin Elmer Spectrum One FT-IR spectrometer 
equipped with a Harrick single reflectance ATR accessory 
and lead glycine sulphate detector was used in measuring the 
infrared spectra. The accessory requires only a thin layer of 
sample on the crystal to acquire the infrared spectrum. Each 
glass ampoule was cut open and the sample was spread on 
the ATR crystal using the blunt side of a capillary glass tube. 
A background spectrum was scanned in the range of 4000-
600 cm
-1
 before the application of a sample. A total of 30 
scans at a resolution of 4 cm
-1 
were then measured on each 
sample. The samples were measured immediately after their 
removal from the oven. The ATR crystal was washed with 
dichloromethane and acetone after each measurement. The 
same procedure was repeated at 280 and 325 
o
C for the 9c11t 
isomer and at the same three temperatures for the 10t12c 
isomer. 
Gas Chromatographic Analysis 
 The glass ampoules containing the rest of the triacylglyc-
erol samples were subjected to derivatisation as described in 
Ref. 25. Each glass tube containing the sample was crushed 
inside a 15 mL test tube. The test tubes were then added 2 ml 
of 0.5 M sodium hydroxide in methanol and then placed in a 
water bath at 60 
o
C for 15 min. After cooling, each test tube 
was added 2 mL of BF3/methanol and placed in the water 
bath again for 10 min. Each test tube was then added 2 mL 
of a saturated solution of NaCl and 1 mL heptane. The tubes 
were shaken and the methyl esters were extracted in heptane 
layers. The heptane layer was added anhydrous magnesium 
sulphate and the clear solution was stored in small brown 
vials for GC analysis. The GC analysis was carried out by 
using a Perkin Elmer, auto XL system gas chromatograph. A 
100 m capillary column with 0.25 mm internal diameter 
coated with 0.20 μm thick 90%-bis-(cyanopropyl)-methyl 
polysiloxane stationary phase with small amount of phenyl 
groups in the backbone of the polymer (HP 88) was used in 
the separation of the methyl esters of the fatty acid isomers. 
A temperature program with initial temperature of 150
o
C 
with equilibration time of 1 minute, then a temperature gra-
dient of 0.5 
o
C/min, up to 170
o
C. The temperature was held 
at 170
0
C for 60 minutes. The carrier gas flow was set to 0.5 
ml/min. The peak identification was carried out by compar-
ing the reported conjugated linoleic acid profiles in the  
literature [13, 26-28] and methyl esters prepared from the 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3). Gaschromatograms of the products formed during the thermal induction of triacylglycerols containing 9c11t/10t12c CLAs for four 
hours at 250oC. 
"#"#
$!
%


&

	
"









 








	














	


	


	
























	


	 

	
 







	
'('#!
 '('#!
44    The Open Spectroscopy Journal, 2010, Volume 4 Alfred A. Christy  
triacylglycerols of the 9c11t and 10t12c CLAs, and CLAs 
9t11c and 9t11t by using the same derivatisation method 
used above. The peaks in the chromatograms were then  
integrated and their relative percentages calculated. 
DATA HANDLING 
 The spectra measured on the series were saved as absorp-
tion spectra. The spectra of the solid samples were normal-
ised to the same height as the peak representing the CH 
stretching absorption at 2956 cm
-1
. The carbon chain in the 
triacylglycerol molecules remains the same during the iso-
merisation and a normalisation of spectra using this criterion 
is acceptable. Each infrared profile was then derivated twice 
and the depth of the valley representing the peak at 944 cm
-1
 
was measured from the zero line. Mathematically, this depth 
will be proportional to the concentration of the unreacted 
CLAs in the sample. This depth is compared with that of the 
pure CLA to determine the fraction of CLA remaining in the 
mixture. The use of the second derivative in this case allows 
us to have a value that is purely of CLA isomer. Base line 
shift and overlapping of the peak at the base line area will 
not affect this value. A description of the second derivative 
technique and its applications in spectroscopy can be found 
elsewhere [29, 30]. 
METHODOLOGY 
 When a reaction of the type shown in Fig. (2) is in  
progress, the rate of the reaction can be give by the following 
general equation: 
d[A]/dt = -k [A]
n
             (1) 
 Where A is the starting material, k is the reaction rate for 
the reaction AB. and n is the order of the reaction with 
respect to A. 
 The equation 1 can be written as follows and integrated 
for the concentration range and time interval as shown in 
equation 2. 
d[A]/ [A]
n
 = -kdt 
[A]
(1-n)
 ] Ao
At
 /(1-n)= -k[t] 0
t               
(2) 
 Where [A]0, [A]t are concentrations of A at times 0 and t 
respectively. 
 The integral is valid for n 2. When the order of the reac-
tion is zero, the result becomes,  
[A]0- [A]t = -kt            (3) 
and for n=1 the result becomes, 
ln ([A]t /[A]0) = -kt           (4) 
 For a zero-order reaction, the concentration change is 
independent of the concentration of the reactant and it is only 
proportional to the time of the reaction. For a reaction of first 
order, the reaction rate is proportional to the concentration of 
the reactant in solution and ln ([A]t /[A]0) will be 
proportional to the time of the reaction. In this work the or-
der of the reaction was determined by graphic correlations.  
 When the 9c11t (and 8t10c) fatty acid in the triacylglyc-
erol isomerises to another isomer, the relationship between 
concentration of the unreacted fraction of the isomer and 
time can be investigated to determine the rate and order of 
the reaction. The activation energy needed to bring the mole-
cules to an activated complex level during the isomerisation 
tells us nothing about the product/products formed. The 
product can be just one isomer or a mixture of several iso-
mers. The end products formed and their amounts depend on 
the stabilities of the isomers formed. The heat induced iso-
merisation reactions can be presented in an energy level dia-
gram as shown in Fig. (4). The isomers 9c11t and 8t11c are 
at the same energy level in the energy diagram. This is true 
because the carboxyl group and the glycerol back bone are 
far away from the conjugated double bonds. During heating 
these isomers form an intermediate state from which the 
products are formed. 
 
 
 
 
 
 
 
 
 
 
 
Fig. (4). Energy diagram for the thermally induced isomerisation reaction. 
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 The activation energy for the isomerisation can be deter-
mined by carrying out the isomerisation at several different 
temperatures. The reaction rate and temperature of reaction 
are connected by the Arrhenius equation  
k = Aexp(-Ea/RT)            (5) 
ln k =ln A -Ea/RT            (6) 
where, A is Arrhenius constant, R is gas constant and Ea is 
activation energy. 
 If the reaction rates of the isomerisation are determined 
for at least three different temperatures, the activation energy 
can be determined from the plot between ln k and 1/T. 
RESULTS AND DISCUSSION 
Thermal Treatment of Triacylglycerols Containing 9c11t 
and 10t12c 
Gas Chromatography 
 The samples used in this work are triacylglycerols of the 
fatty acids 9c11t and 10t12c. The CLA fatty acids referred in 
the following paragraphs represnt the triacylglycerols. 
 Thermally induced samples taken during regular time 
intervals were anslysed after derivatization as mentioned in 
the experimental section. The analysis of the isomers formed 
during the thermal induction of 9c11t revealed that the con-
centrations of the isomers formed other than 9c11t, 8t10c, 
8t10t and 9t11t were small. Similarly, the thermal induction 
of 10t12c revealed that the concentrations of the isomers 
formed other than 10t12c, 11c13t, 10t12t and 11t13t were 
small. Gas chromatograms of the fatty acid methyl esters of 
the isomers formed during the thermal induction of the 9c11t 
and 10t12c for four hours are given in Fig. (3). The concen-
trations of the other isomers increased with time during the 
thermal induction from the beginning of the thermal induc-
tion. However, the total concentration of these isomers 
reached around 4%. Therefore, the concentration of these 
isomers was neglected in the kinetic analysis.  
Infrared Spectroscopy 
 The infrared spectra measured from the samples taken at 
different time intervals during the isomerisation of 9c11t 
(8t10c) and 10t12c (11c13t) are shown in Figs. (5a and b) 
respectively. The figures clearly show that the peak at 944 
cm
-1
 is reduced in intensity indicating the depletion of 9c11t 
(8t10c) and 10t12c (11c13t) isomers during the thermal in-
duction. Only conjugated isomers of the tc and ct configura-
tions absorb at this wave number. Therefore, the peak at 944 
cm
-1
 in the infrared spectra of the heated samples represent 
the remaining c,t and t,c isomers in the mixture. The peak at 
982 cm
-1
 behaves completely different from the peak at 944 
cm
-1
. This behaviour indicates that there is a contribution 
from a peak representing a newly formed compound/s almost 
at the same wave number. This absorption arise from the 
formation of the t,t CLA isomers.  
 The second derivatized spectral profiles of the infrared 
spectra of pure 9c11t isomer before the thermal treatment 
and after 4.5 hours thermal treatment are shown in Fig. (6). 
The depth measurement used in the kinetic studies in this 
paper to represent the concentration of the remaining reac-
tant is indicated in the figure. It is possible to show by data 
subtraction that the products formed that give absorption at 
986 cm
-1
 are t,t isomers. The second derivative profile of the 
infrared spectrum of pure 9c11t can be scaled so that the 
depth of the profile at 944 cm
-1
 is the same as the depth of 
the second derivative profile of a thermally treated 9c11t 
(8c10t) (see Fig. 6). By subtracting the scaled profile of the 
pure 9c11t sample from the profile of the products formed, a 
profile representing the second derivative of the products 
formed can be obtained. The result of the subtraction is 
shown in Fig. (7). The valley of the result is at 986 cm
-1
 where 
=CH deformation vibration of the 9t11t (8t10c) isomer  
absorbs.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (5). Infrared spectra of the thermally induced CLA isomers. a) 
9c11t and b) 10t12c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (6). Procedure used for normalisation of the peak at 944 cm
-1
 
and subraction to reveal the product formed. 
 Applying the procedure mentioned above, the concentra-
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reaction were estimated. The depletion rates of the 9c11t 
(+8t10t) and formation rate of the 9t11t (+8t10t) are almost 
the same during the early part of the isomerisation and that 
the formation of methylene interrupted species are of little 
significance at these times/temperatures.  
 A prolonged thermal treatment of the isomers results into 
the complete depletion of the conjugated isomers and forma-
tion of products (Fig. 8) that give absorption at 970 cm
-1
. A 
recent report [15] shows that this peak is indeed from the 
absorption due to 9t12t isomers (and very small concentra-
tions of 9c12t and 9t12c). The formation of 9c11t and 10t12c 
go through 9t12t intermediate and the presence of 9t12t in 
the thermally induced 9c11t isomer is not unexpected.  
 Plots showing the correlations between ln ([A]t /[A]0) and 
reaction time are shown in Fig. (9) for the isomerisation re-
actions of 9c11t (+8t10c) and 10t12c (11c13t). Graphic plots 
showing the correlations between ln k and 1/T are shown in 
Fig. (10). The linear correlations clearly indicate that the 
reactions are of 1st order with respect to the CLA con-
centrtaions. The isomerisation rates and the weighted aver-
age activation energies determined using the plots shown in 
Fig. (8) are presented in Table 1. The values presented in the 
table suggest that these isomers have relatively the same 
activation energies of isomerisation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (9). Plots showing the correlations between ln[Ct/C0] and time 
a), b) and c) are for the isomer 9c11t at temperatures 250, 280 and 
325
o
 C respectively. d), e) and f) are for the isomer 10t12c at tem-
peratures 250, 280 and 325
o
 C respectively. 
 
 
 
 
 
 
 
 
 
Fig. (10). The plots showing the relationships between ln k and 1/T. 
 
 
 
 
 
 
 
 
 
 
Fig. (7). The result of the subtraction (from Fig. 5). 
 
 
 
 
 
 
 
 
Fig. (8). The infrared spectra of the samples subjected to prolonged heat treatment, in the region of 1000-945 cm-1. 
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CONCLUSION 
 In this paper, it has been demonstrated that infrared  
spectroscopy can effectively be applied in the determination 
of reaction rates and activation energies for the thermally 
induced isomerisations of the 9c11t (8t10c) and 10t12c 
(11c13t) isomers. These isomers follow a first order kinetics 
during the isomerisation. The activation energies determined 
for the isomerisation are in the same range as the activation 
energies for other chemical reactions in food systems [31].  
 The results from the isomerisation experiments have 
clearly proven that the isomers 9c11t (8c10t) and 10c12t 
(11c13t) disappear to form their trans-trans counterparts. 
The products are a mixture of almost all the CLA isomers 
with the predominence of the trans-trans isomers of the 
above. 
 A special experimental procedure was used with micro 
glass ampoules for the study of isomerisation kinetics. Only 
a fraction of a milli litre sample is required for the prepara-
tion of a series of samples. Similar procedure can be used in 
the study of reaction kinetics of high boiling organic com-
pounds.  
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